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1. INTRODUCTION

The DRCS Sector Scanner is an infra-red imaging system using a 51ng1e detector
which is made to scan in a two dimensional raster format. After signal processing
the information is presented to the observer on a high resolution cathode ray tube
display. (See reference 1). The inherent non linear brightness function of the
display tube results in expansion of the displayed signals at high video levels.

A logarithmic amplifier was incorporated to provide some form of video compression
thus allowing full utilization of the maximum output of the display system. (See
reference 2). It became apparent, however, that this was not sufficient especially
at low to medium signal levels and so a brightness linearization circuit was also
incorporated.

The brightness linearization technique and the design and performance of the
circuit which was used in the DRCS Sector Scanner are described in this paper.

2. VIDEO PROCESSING IN THE DRCS SECTOR SCANNER MK 2

A complete description of the video channel is given because several changes
were made to the original design whilst the brightness 11nearlzat10n circuit was:
being incorporated.

The signals at the infra-red detector (refer to flgure 1) are extremely low
level and they are amplified by a low noise amplifier and line driver stage. They
are then sent down the cable connecting the scanner head to the console umit.

The next stage is a line receiver and buffer amplifier which has a bandwidth that
can be varied to match the scanning rate of the system. The scanning rate can be
varied over a range greater than five to one and since the bandwidth required to
transmit the video information is directly dependent on the scanning rate, the
bandwidth is varied to minimize the background noise of the system for each
scanning speed.

The clamp circuit then restores a d.c. component to the a.c. signal. The
magnitude of the d.c. component can be varied by means of the "back level control"
which is situated on the console front panel. The signal is then conditioned in
a logarithmic amplifier (see reference 2). In the latest design a modification
was added to this circuit which allows the logarithmic stage to be bypassed as
this was found to be advantageous in certain situations, particularly when dealing
with extremely low level infra-red signals. The logarithmic amplifier is followed
by the brightness linearization circuit, the signals from the logarithmic
amplifier being buffered by a variable gain (or contrast) amplifier. Again an
option is provided for bypassing the non linear circuit thus enabling operation in
a linear mode.

Finally the cathode ray tube display is driven by a wide band transistor
amplifier which also incorporates the function of video blanking and provides a
bright up input for adding the centre line and cursor marker pulses. The whole
circuit is now d.c. coupled from the d.c. clamp circuit to the CRT display and
consequently the d.c. restoration circuit as used in the original video drive
stage was deleted. See figure 2 for the actual video processing circuit diagram.

3. CATHODE RAY TUBE DISPLAY

Tests were carried out on one of the Sector Scanner Mk 2 displays (note this
equipment uses a twin CRT display) both before and after the incorporation of the
brightness linearization circuit.

The actual tube used is a 14 inch, 70° CRT type number 360 MA1l P38
manufactured by Thomas Electronics Incorporated It uses a special high resolution
gun in order to achieve the degree of performance required for the sector scanner.
The grid to cathode cut-off voltage is between 50 and 60 V depending on the
operating conditions.
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In the sector scanner the CRT display is used in what is effectively a common
grid mode with the video signal, being applied to the cathode and the first or
control grid being held at a voltage more negative than the cathode. Brightness
control was achieved by varying the grid bias, but in this latest design this
control was changed to a preset one and the brightness can now be varied by
adjusting the black level control. The preset brightness control is adjusted so
that the background of the display is just discernable when the smallest infra-
red signal is being detected.

The actual brightness characteristic of one of the display tubes was measured
using a pattern generator which was built to suit the particular requirements of
the sector scanner. (See figure 3 for the circuit diagram). The technique used
was to have the sector scanner running at a fixed scanning rate and to then pick
off the appropriate frame and line pulses which were used to synchronise the
pattern generator. The generator staircase waveform was injected into the video
channel (used in the linear mode) and the resulting CRT display brightness levels
were monitored by means of a simple, instantaneous reading light meter. (See
figure 3 for the circuit diagram).

The measured results are shown in figure 4 along with the best fit theoretical
curve which indicated that the CRT display had a gamma equal to 2.5. For the best
conditions the useful video drive was established as 30 V peak to peak.

4. DESIGN CONSIDERATIONS FOR THE BRIGHTNESS LINEARIZATION CIRCUIT

4.1 Bandwidth

The bandwidth of the video channel must be greater than the signal bandwidth

from the detector. For the present detector and the scanning rates that are
used this has been established to be 1 MHz. The low noise pre-amplifier and
the other amplifiers in the video chain all have bandwidths greater than this.

4.2 Time constant

The manufacturer's data for the infra-red detector gives the equivalent
electrical time constand of 0.3 Ms. Any circuits in the video processing
channel should not degrade this time constant.

4.3 Dynamic range

An estimate of a minimum dynamic range (i.e. ratio of maximum signal to
minimum signal) of 60 dB or 1000:1 has been used previously in the design of
the sector scanner low noise pre-amplifier and logarithmic amplifier.

4.4 Compatability

The brightness linearization circuit is situated immediately after the
logarithmic amplifier and it must operate with signals in the range 1 mV to
1V.

4.5 Noise

Great care was taken in the design of the low noise pre-amplifier to ensure
that the detector was the predominant source of noise in the system. However
it is still essential that the noise figure of the brightness linearization
circuit is low enough not to degrade the signal to noise ratio of the whole
system. The wide-band noise levels at the input to the brightness
linearization circuit are typically 30 mVp-p or 6 mV r.m.s.

4.6 Temperature stability

Because all of the circuitry after the d.c. clamp section is d.c. coupled
it is important that the circuits do not drift excessively with temperature.
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A slight variation is acceptable however because the operator can vary the
black level control to alter the display brightness.

In practice the operator is continually adjusting the black level control
because the d.c. clamp pulse occurs when the detector is picking up radiation
from the scanner head and it has been found that this radiation varies
significantly as the internal temperature changes.

5. BRIGHTNESS LINEARIZATION TECHNIQUE

A number of possible methods exist which enable a non .linear analogue signal
to be converted so that it exhibits a linear transfer function. Several of the
latest techniques involve digital methods whereby the non linear form is measured
and stored as a "look-up' table and the appropriate correction made for each input
level. These systems have the disadvantage of being rather complex and would be
very expensive for the speed and resolution that is required in this application.

0f the analogue methods available, the piece-wise linear approximation technique
was discarded because of the lack of flexibility. It is difficult to alter the
parameters of the transfer function once they have been designed into the circuit.
A technique which overcame this limitation and which satisfied all of the design
requirements discussed above was developed using two conventional non linear
function generators, the logarithmic amplifier and the antilogarithmic or
exponential function generator.

The basic block diagram of the brightness-linearization technique is shown in
figure 5. The input signal is transformed via a logarithmic converter so that

VZ = 10g Vl

then the signal is attenuated by a factor k where k <1
i.e. V3 = k V2

k log V; which may be rewritten as
log vk

I

vz

Signal voltage V3 is then transformed through an anti-logarithmic stage so
that

Vy = antilog Vg
= antilog (log Vlk)
ie. V4 = vk

i.e. the output voltage is the input signal raised to a power k.
For example, if k = 0.4, that is a 2.5:1 attenuation then

Vg = vy 0.4 and if V, is the voltage used to drive the CRT display which

has been established to have a v = 2.5 then
2.5
4
or @ Vy and a linear relation exists between the display brightness
and the input signal.

In actual practice there are a number of offsets and constants which must also
be considered and these will be discussed in a later section.

The main advantage of this technique is the ease with which the power constant
can be changed so altering the expression obtained and allowing it to be trimmed
to match the CRT display tube characteristic exactly. In practice the attenuator
is a variable potentiometer which is easily adjusted to give the correct shape.

brightness a VvV
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6. CIRCUIT DESCRIPTION

6.1 Logarithmic stage

The first requirement in synthesizing the brightness-linearization technique
described above is the logarithmic stage. Various configurations for generating
logarithmic stages are available however the most difficult design criterion
to satisfy was the frequency response. Most precision systems employ an
amplifier with a non linear feedback element which is typically either a
transistor or a diode. See figures 6 and 7. A transistor must be used in the
grounded base configuration to eliminate errors due to base current. This
increases the loop gain and more compensation is necessary to prevent
oscillation and the logarithmic converter is necessarily slow. The diode
however can be operated with high currents thus keeping its dynamic resistance
low and ensuring a fast response for the whole system. The high current operatio
also has the advantage of minimising the effect of the reverse saturation current
thus ensuring true logarithmic performance.

As mentioned previously the sector scanner video channel already uses a
logarithmic amplifier to provide some form of video compression. The technique
used in that circuit employs a Texas Instruments integrated circuit which
provides parallel signal paths with multiple logarithmic elements and suitable
attenuators to give an overall dynamic range of greater than 60 dB V. An
alternative approach was used in the brightness linearization circuit because
the two diode non linear elements which were the most sensitive temperature
components could be placed in close proximity in the constant temperature oven
thus reducing the stability problems. As well as this the temperature drift
of the logarithmic and the antilogarithmic diode amplifiers was complimentary
and this further increased the overall temperature stability.

6.1.1 Diode characteristics

The relationship between the forward current and the applied voltage
for a diode is obtained from classical semiconductor p-n junction diode
theory.

- I ee@P -

where forward current

e e L
1]

g = Teverse saturation current
= electron charge (1.6 x 10719 coulomb)

applied bias voltage

~ < QL
1]

3

= Boltzmann's constant (1.38 x 10723 watt sec/K)

T

absolute temp. of diode.

If the saturation current is small

- qV.
I Iseqﬂwﬂ
or V = gl In I + constant

i.e. the diode voltage is directly proportional to the natural logarithm
of the forward current. Note that it is also directly proportional to
the temperature of the diode. This problem was overcome by operating
the diode at a constant temperature and a small low power crystal oven
proved ideal for this purpose. In fact when the logarithmic amplifier
is used in conjunction with the antilogarithmic stage most of the
temperature induced effects tend to cancel. Both the diode used for
generating the logarithmic function and the diode used for generating
the antilogarithmic function were enclosed in the same temperature
controlled oven.
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6.1.2 Analysis of logarithmic stage

By neglecting the constant which is just a fixed offset a simplified
analysis of the logarithmic stage shown in figure 7 gives

3 KT .
V2 = - q—- In I
and I = V1
RL v
_ KT 1
hence V2 - q 1n (———RL)

i.e. the linear input voltage (Vl) is converted to a logarithmic output
voltage (V,).

If the &actual scaling factors and offset constants are now included
this becomes

‘ vy

V2=—C1n (T)_CL
L
where C = EI
q
= 0.03 for T = 353 K

CL = 0.73_v01ts
RL = 470 ohms

These values were selected to give a suitable diode operating current
and hence the correct dynamic impedance in the circuit thus ensuring that
the dynamic range and frequency response conditions were satisfied. The
offset voltages also ensure that the signals are of the correct polarity
because logarithms can only be computed for signals with positive values.
A graph of the transfer function is shown in figure 8 (lower right hand
quadrant).

Attenuation stage

As explained previously the amount of attenuation determines the magnitude
of the power in the overall transfer function to which the input signal is
raised. A value of 2.5 was required for the particular tube that was tested.

. 1
1.¢€. k = *2-.—5—
hence V, = V2 - C where C, is an offset constant
3 A A
2.5
V1
or V3 = k Cln (ﬁza - CL - CA

See figure 8 (lower left hand quadrant) for a graph of this transfer function.
Antilogarithmic stage

- To obtain the antilogarithmic transfer function the circuit configuration
shown in figure 9 was utilized. 1In this circuit the input voltage is applied
to the diode and this induces an exponential input current to the operational

amplifier. The feed back resistor (RAL) transduces this current to an output
voltage.

6.3.1 Analysis of the antilogarithmic stage

An analysis of the antilogarithmic circuit can be made using the
semi-conductor diode expressions shown above. With the notation shown
in figure 9
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KT
VS_ —'Cl— In I
\'}
and I = ﬁi
AL v
KT ('4) . .
— 1n ‘== which may be rewritten as
hence V, = - ¢ R
3 AL
v. = Rl antitn (V3)
4 —
C
where C = kT as before.

i.e. the output voltage is proportional to the antilogarithm of the
input voltage.
If the actual scaling factors and offset voltages are now incorporated
the expression becomes
\Y

V, = R antiln (VR T3 o+ v
4 AL —

where VR is the fixed reference voltage which is applied to the non

inverting input of the operational amplifier.

VR = 0.33 volts

RAL = 47 ohms

R

A graph of this transfer function is shown in figure 8 (top left hand
quadrant).

6.4 Brightness linearization transfer function

Comblnlng all of the transfer functions developed in the previous sections
results in an expression for the output voltage (V ) related to the input
voltage (V ).

(Vg + k C1In ‘» +c vy
) R g
\Y = R antiln L + V
4 AL ( . ) R
€y V1k VR * CL* Cyy)
= Ry antiln ( i R s C )Y 4 VR
Rapd € VR* S *C) (i
= (“-0 (exp ( )) V + vV
®9 S v

Note that the magnitudes of the reference and offset voltage also influence
the overall scaling factor of the brightness linearization transfer functlon
With the appropriate values substituted the expression becomes

v, = 1.12 v1°'4 + 0.33 0 <V1<6.8 volts

See figure 8 (top right hand quadrant) for a graph of this function.
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7. SYNTHESIS OF THE BRIGHTNESS LINEARIZATION TRANSFER FUNCTION

The actual circuit which was used to generate the brightness linearization
transfer function is shown in figure 2. (The brightness linearization circuit
starts at the video gain or contrast control and finishes at test point X5).

The first and final stages are linear amplifiers to provide the required
amount of gain and buffer action and they allow the circuit to interface with the
existing sector scanner video channel.

The operational amplifiers are National type LH0032 which are ultra fast high
input impedance differential input operational amplifiers. They are ideal for use
in video amplifiers for gain setting and analogue function shaping. One lower
performance LM318 operational amplifier was used as a unity gain buffer. A 1IN914
diode (V. in figure 2) was used as a clipper to limit the magnitude of the large
negative  signals that can occur when the black level control is adjusted for
viewing high temperature targets.

8. CIRCUIT CONSTRUCTION AND APPLICATION

The circuit was constructed on an experimental circuit card and it performed
well after taking the usual precautions of bypassing the supply rails at the
individual integrated circuits and frequency compensating the operational
amplifiers. The actual layout was surprisingly not critical and the stability
was checked by observing the overshoot and ringing at high and low signal levels.

After bench testing, the various performance figures were measured and the
circuit was installed in the sector scanner MK 2. Some rearrangement of the
sector scanner wiring and card layouts had to be made to enable the brightness
linearization circuit to be incorporated into the console. A method was devised
whereby in the event of a failure of the brightness linearization circuit the
original system could be restored as no spare brightness linearization card had
been made at that time.

A final test was made of the CRT display brightness both with and without the
brightness linearization circuit (see figure 10) and the sector scanner was then
used on an extensive night vision trial off the eastern coast of Queensland and
N.S.W. During this trial the sector scanner electronics performed exceptionally
well even under extremely severe environmental conditions. Many subjective
impressions were obtained about the value of the brightness linearization circuit
and these and other comments indicated that the circuit improved the display
performance under all the observed conditions. This was not the case however
with the sector scanner logarithmic amplifier as at many times it was preferable
to operate in the linear mode. An externally mounted switch will be provided in
the sector scanner Mk 2A so that the operator can easily select either logarithmic
or linear mode.

9. PERFORMANCE

9.1 Frequency response

The high frequency performance was measured using a small sine wave signal
which was superimposed onto a variable d.c. level. By varying the magnitude
of the input d.c. level the bandwidth could be obtained near both ends of the
transfer function. A signal to noise ratio of 20 dB (10:1) was used for the
a.c. sine wave.

The 3 dB bandwidth was 1.3 MHz at the maximum output and 1.6 MHz at the
minimum output. The low frequency performance extends down to d.c.
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9.2 Time constant

A small square wave (S/N = 20 dB) was also superimposed onto a variable d.c.
level and used as an input to measure the rise time of the circuit.

At the maximum output the 10-90% rise time was 0.3 Us.
At the minimum output the 10-90% rise time was 0.2 us.

The time constant can then be obtained using the expression
t (10 - 90%)
2.2

At the maximum output the time constant was 0.14 ps.

.T=

At the minimum output the time constant was 0.09 us.
9.3 Noise

Traditionally the noise levels of an amplifier are always referred back to
the 1nput even though the actual measurements are made on the output noise.
However in a non linear circuit it is difficult to do this because both the
'gain and the frequency response vary with the input signal. In the case of
the brightness linearization circuit a comparison was made of the output noise
levels for a d.c. voltage applied at the input and the output noise levels
which were measured with the circuit operating in the sector scanner. (The
infra-red detector was viewing a uniform ambient temperature source).

9.3.1 Output noise for a d.c. input voltage
At the maximum output the noise was 22 mV p-p or 4.4 mV rms.
At the minimum output the noise was 15 mV p-p or 3 mV rms.
9.3.2 Output noise as measured in the sector scanner
At the maximum output the total output noise was 80 mV p-p or 16 mV rms.
At the minimum output the total output noise was 200 mV p-p or 40 mV rms.
9.3.3 Dynamic range ’ '

The maximum output level before any distortion became apparent was 1.9 V
hence the dynamic range is
1.9V
3 mV

or 56 dB.

9.3.4 Linearity

An ideal power law expression will give a straight line when plotted
on a log-log graph. The slope of this line will be the magnitude of the
powér to which the input variable was raised. An actual plot of the
output voltage versus the input voltage for the brightness linearization

~circuit is shown in figure 11. The slope of the best fit straight line
through these points is 0.37 or 517-. The maximum deviation of the
measured response from this straight line is + 6.7% at 3 mV and - 4.2%
at 100 mV input.

10. CONCLUSION

A novel method for generating power law functions has been discussed. The method
employs a combination of logarlthmlc amplifier, attenuation, and antilogarithmic
amplifier techniques. The main features of this method are the wide bandwidth and
the versatility. In fact the power to which the variable is raised can be changed
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simply by altering the potentiometer in the attenuation section of the circuit.
This technique was successfully used in a circuit to correct for the non linear
brightness characteristic of the cathode ray tube display which is used in the

DRCS infra-red sector scanner.

With extra development the circuit could possibly be simplified even further,
and more economic integrated circuits used. It could then be made into a very
useful large scale integration (L.S.I.) module for general purpose use in wide
band analogue function shaping applications as well as for display tube gamma
correction.

11. ACKNOWLEDGEMENT

The author would like to thank his Principal Officer, Mr N.K. Jones and his
supervisor, Mr G.W. McQuistan for their comments and suggestions.



ERL-0061-TR - 10 -

REFERENCES
No Author Title
1 McQuistan, G.W. "WRE Infra-red Sector Scanners'.
WRE Tech. Note 1549 (AP)
August 1976
2 Poropat; G.V. "A Logarithmic Video Amplifier for the WRE

Sector Scanner'.
WRE Tech Memo 1470 (AP)
October 1975



ERL-0061-TR
Figure 1

VZ MW I9Uued§ X0328S 'S°D'Y'd oYz ut Jurssedoxd oepTp ‘T oIndTy

TONLNOD
OULNOD T LLIVW, HLIM $35TNd
SSINLHOINE dn -1HOINE HOSHND
135 3ud ONV 3NIT3¥IN3D
o 70 LNOD
T3A3T HovTe =
¥0103130
UIAdWY AWV
avanni [ v —v
N ¥34dna 2 Nt 1noHI0 3141 7dWY
1SVHINOD dWY1D H1QMANYE
1100210 27aVI¥VA Y 2d TIEVIIVA
AVIdSIO 1'dD NOILYZIV3NIT 201
SSINLHONIE
9,
$357Nd 6
ONIYNY18 $3s7nd

ELA A



ERL-0061-TR
Figure 2

TouuByd OSPTIA

IoUuuedg I03198S 9yl Jo weISBIp ITNIIT)

Z oan3T g

AQ
02z
aLd
AQ 1
o %. i
T 0% LLYHN
0z2 62
I AG+
Ys ‘FsMNd F R
JOSIND

= "SWIFHLIO0S!

100 Q3GIA 5
7r'sod 12150d
11504 [it'sod
01 's0d 0 S0d P
6 °50d 6 50d "%
9 50d 8°50d
1°50d L50d
97504 9°50d
550d 5504
+°S0d $7504]
¢ 50d $S0d
7°50d 2504
1'50d '1'50d
BMIVA'dYY| ¢S |INTWAS3Y IS

< R Z0S9LNS S
oz S€9 [ v L 955 W1 <
uoli] €€ L | #1]0057+1 [
Y00 280 L | ¥t 1096 24
UeSlog w7 0F | 2t TEO0HA] woeT
+$£2°629) ¥l 'S'9
:oszﬁ ol V| L BIT NI !
307YA -
A coomagh -] AT AO[AS[IdAL 01A30{°N 30tA30
NIV9
Qv 438 W9 201

SIONILNGD 1107419
*

—JAS2h 4+

= N ONIANYE

X e
i35 130 N 0 N30 2,09
o PIEMN |
Az
13

di1 dWY12

Nk _l.lmlnul_

LoaiT3IH

$A-
RELEN

AD
V<L

3 EA

AU+ D. EZ4 el k]
T TR EFETHLLE
‘50 HOV3
NO 4D 28

T M WMD)

I
wwm d[T 030IA
AO

(3781
AO m:mmv

2 ‘MG AVM 24

. Y91 c0d wona
g nO'S3Y zc




ERL-0061-TR
Figure 3

AD

Ia3aw Y31 pue rojersusd ursljed syi yo weaSerp 3TnNOIT) ‘¢ axn38ty

Asr— I
asgze ¥4
it

FaNiLIrawNv
\wos

I

“YILIN LHDIT
A/~
voa] 9
U ¢ .y o
v 7 I =2A
o, 0 3
v o Z
PAZ 7
5 | medriay
IMS
201 77/950 ONOW
ras 4 Aviza
7 EZd

H|

a/o

P9
~NZ

zZne

o

%
nz
WLE

L 777

|
i : ol | oa”

s e

[ “p0 ‘HINAS

e u&wﬂ x;ﬁ

ASI+

P



ERL-0061-TR
Figure 4

1eudts jndur snsieA ssaulydTIq WD Y aand Ty

(330-3nd aa0qe AQS 03 spuodsaxiod g 19A9T)
STOAYT X03BIBUSY UISIIBJ AIBIITAIY

L 9 ]

K4 € [4

/

0L'0 TOI3UOD 3SBIJUOD.

860 [0I1U0d ssauly3TIy
*L*¥°D puey 1397

*Z YW I9uuBdS J03D9S

1 1

\ ——

2 = £

X
§°Z

aAIND TBOTISI0SY]

- b

-0
0
€0
70
S0
9-0
L0
80
60
0-4

Ll

L31Tsuajug
3o0dg
QATIBISY



ERL-0061-TR
Figures 5, 6 § 7
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Figure 5. Block diagram of the brightness linearization circuit
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Figure 6. Logarithmic amplifier using a transistor
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Figure 7. Logarithmic amplifier using a diode
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Figures 8 & 9
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